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bstract
Fifty one locations were chosen at Seila area, South Eastern Desert, Egypt to evaluate the public effective doses due to the
xposure to the natural sources of radiation at this area. These locations were distributed over these sites called the Passage and the
adi. The average value of the activity concentration of the terrestrial radionuclides 238U, 232Th and 40K was found to be 41.68,
8.51 and 567.57 Bq kg−1 at the Passage and 37.34, 35.2 and 696.43 Bq kg−1 at the Wadi, respectively.
The public at Seila area receive an annual effective dose 0.1 mSv due to the exposure to the gamma component of the cosmic rays
hile they receive an annual effective dose of 0.01 mSv from the gamma rays emitted from the radon and thoron decay products in
he air at the studied area.
The public at the studied area receive an average value of the external effective dose of 0.14 mSv y−1 and an average value of the
nternal effective dose due to the inhalation of the radon and thoron gases is 0.088 mSv y−1 outdoors. The average value of the total
nnual effective dose due to the terrestrial radioactivity at Seila area was obtained to be 0.225 mSv which is safe for the activities
f El Bisharya tribe at the studied area.
roduction and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under the CC BY-NC-ND
icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The Gabal El Seila area in the South Eastern
desert of Egypt is located between latitudes 22◦13′48′′–
22◦18′36′′ N and longitudes 36◦10′12′′–36◦18′36′′ E
(Fig. 1) at a distance of approximately 22 km southwest
of Abu Ramad City [1].ersity. This is an open access article under the CC BY-NC-ND
The younger granite in the Gabal El Seila area is
represented by Gabal Qash Amir, Gabal El Seila, and
isolated granite stocks. These rocks are affected by the
ENE–WSW shear zone and the sub-parallel fault system
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Fig. 1. Geological map of Seilaarea, south Eastern Desert, Egypt show-
ment is more affordable than other more costly, portable
units. For example, measurements taken using the RS-
230 BGO handheld unit provide comparable quality toing the studied two sites.
dipping 50◦–70◦ to the south and extending approx-
imately 9 km, with thicknesses from 2 to 40 m. The
ENE–WSW trend is intersected by the N–S sinestral
strike slip and dip slip fault systems. These shear zones
and fault systems are filled with quartz veins, fine granite,
and basic dykes. The ENE–WSW shear zone contains a
radioactive anomaly along the sheared fine granite and
basic dykes. Generally, this rock is pale pink, slightly
leucocratic, medium to coarse grained, cavernous and
exfoliated monzogranite. The rock contains U-bearing
minerals, such as biotite, zircon and muscovite. The Seila
area is characterized by green grasses, meaning that there
are numbers of shepherds and camels throughout this
area. The area is inhabited by the local El Bishariya
tribes, who practice their traditional lifestyle in harmony
with the environment. These tribes have settled mainly
in the Abu Ramad village on the western coast of the Red
Sea, in the South Eastern desert of Egypt. They carry out
activities during the day in the Seila area. Stream sed-
iments in the Seila area have been determined to have
originated from bedrock that has been subjected to airi-
ation, weathering and fracturing in different Wadis and
tributaries.
This study aims to evaluate the public exposure as a
result of natural sources of radiation, terrestrial radioac-
tivity and cosmic rays in the Seila area and to estimate the
effective doses received by members of the El Bishariya
Tribes.Fig. 2. Fifteen locations distributed in a grid pattern over the Passage.
2.  Material  and  methods
2.1.  Description  of  the  monitoring  stations
To evaluate the public exposure in the Seila area
from natural sources of radiation, 51 locations were dis-
tributed in a grid pattern over two sites in the Seila area.
The first site, known as the Passage, includes 15 loca-
tions, as shown in Fig. 2. The second site, known as the
Wadi, includes 36 locations, as shown in Fig. 3. These
locations were chosen to measure the uranium, thorium
and potassium contents in the stream sediments and the
concentration of radon gas in the sediment.
2.2.  Uranium,  thorium  and  potassium
measurements
A RS-230 BGO (Bismuth Germanate Oxide) spec-
trometer was used to measure the wide range of potential
radiation concentrations during the uranium exploration
process. This device provides a readout of the concentra-
tion of uranium and thorium in ppm and the percentage of
potassium in the medium after a 30 s measurement time
(used in this work). This convenient, handheld instru-Fig. 3. Thirty six locations distributed in a grid pattern over the Wadi.
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Table 1
Conversion of radioelement content to activity concentration [3].
Radioelement Content Activity conc.
40K 1 c/o K in rock 313.0 Bq kg−1
238U 1 ppm U in rock 12.35 Bq kg−1
232Th 1 ppm Th in rock 4.060 Bq kg−1
a
m
s
r
r
a
(
2
t
s
t
a
c
7
T
35.68 Bq kg and the activity concentration AK ranges
from 532.10 Bq kg−1 to 677.19 Bq kg−1.
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An instrument making the same measurement using a
uch larger 21 in3 (390 cm3) NaI portable detector. The
pectrometer is auto-stabilizing when measuring natu-
ally occurring (K, U and Th) radioactivity and does not
equire any test sources [2].
The radiological measurements were defined by the
ctivity concentration (Bq kg−1) instead of the content
ppm), as shown in Table 1.
.3.  Measurement  of  the  external  effective  dose  due
o gamma  rays  using  the  RDS-100
The effective dose rates (Sv h−1) due to -ray expo-
ures were directly measured at a distance of 1 m over
he stream sediments at each monitoring station over two
reas using an ALNOR RDS-100 gamma survey meter
alibrated against a 60Co -source with an activity of
.4 ×  108 Bq at the National Institute of Standards and
echnology (NIST).
able 2
he activity concentrations AU, ATh, and AK (Bq kg−1) and the total activity c
o. AU
(Bq kg−1)
ATh
(Bq kg−1)
AK
(Bq kg−1)
Total
(Bq kg−1)
N
roﬁle 1 P
 39.07 43.14 594.70 676.91 4
 65.93 23.61 688.60 778.14 5
 35.41 40.29 500.80 576.50 6
ve 46.81 35.68 594.70 677.19 A
roﬁle 3 P
 58.61 21.98 563.40 643.99 1
 46.40 28.08 594.70 669.18 1
 41.51 26.46 563.40 631.37 1
ve 48.84 25.51 573.83 648.18 A
roﬁle 5
3 48.84 30.12 563.40 642.36
4 43.96 17.50 500.80 562.26
5 34.19 23.61 563.40 621.19
ve 42.33 23.74 542.53 608.60niversity for Science 10 (2016) 271–280 273
2.4.  Radon  and  thoron  concentrations  in  the  open
air at  Seila  area
The radon and thoron gases were measured at random
locations over the two study areas. At each location, an
air sample was acquired through a filter using an RTM
1688 radon monitor. The radon or thoron gas concentra-
tion (Bq/m3) in the air at this location is displayed on the
radon monitor after 1 h.
3.  Results  and  discussions
3.1.  Uranium,  thorium  and  potassium  activity
concentrations
From Table 2, the activity concentration AU
ranges from 20.76 to 65.93 Bq kg−1, with an aver-
age of 41.68 Bq kg−1; the activity concentration ATh
ranges from 17.50 to 43.14 Bq kg−1, with an aver-
age of 28.51 Bq kg−1; and the activity concentration
AK ranges from 469.50 to 719.90 Bq kg−1, with
an average of 567.57 Bq kg−1. For the five profiles
taken in the Passage, the activity concentration AU
ranges from 32.97 Bq kg−1 to 48.84 Bq kg−1, the activ-
ity concentration ATh ranges from 23.74 Bq kg−1 to
−1From Table 3, the activity concentration AU ranges
from 14.65 to 62.27 Bq kg−1, the activity concentration
oncentration in stream sediments from the Passage at Seila area.
o. AU
(Bq kg−1)
ATh
(Bq kg−1)
AK
(Bq kg−1)
Total
(Bq kg−1)
roﬁle 2
 46.40 35.82 594.70 676.91
 24.42 20.76 469.50 514.68
 28.08 40.29 719.90 788.28
ve 32.97 32.29 594.70 659.96
roﬁle 4
0 47.62 23.20 532.10 602.92
1 43.96 18.32 469.50 531.77
2 20.76 34.60 594.70 650.05
ve 37.44 25.37 532.10 594.91
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Table 3
The activity concentrations AU, ATh, and AK (Bq kg−1) and the total activity concentration in stream sediments from the Wadi at Seila area.
No AU
(Bq kg−1)
ATh
(Bq kg−1)
AK
(Bq kg−1)
Total
(Bq kg−1)
No. AU
(Bq kg−1)
ATh
(Bq kg−1)
AK
(Bq kg−1)
Total
(Bq kg−1)
Proﬁle 1 Proﬁle 2
1 30.53 38.26 563.40 632.18 7 34.19 23.61 719.90 777.69
2 21.98 30.93 626.00 678.91 8 32.97 35.41 688.60 756.98
3 20.76 30.93 626.00 677.69 9 40.29 31.34 719.90 791.53
4 14.65 35.00 657.30 706.95 10 62.27 40.70 751.20 854.17
5 46.40 33.37 782.50 862.27 11 43.96 50.88 719.90 814.73
6 50.06 37.85 657.30 745.21 12 28.08 67.56 1001.60 1097.25
Ave 30.73 34.39 652.08 717.20 Ave 40.29 41.58 766.85 848.72
Proﬁle 3 Proﬁle 4
13 26.86 26.86 657.30 711.02 19 35.41 27.68 657.30 720.39
14 46.40 39.89 657.30 743.58 20 36.63 39.07 688.60 764.30
15 39.07 33.37 657.30 729.75 21 34.19 46.40 782.50 863.09
16 32.97 40.29 813.80 887.06 22 50.06 30.12 657.30 737.48
17 48.84 25.23 813.80 887.87 23 36.63 38.26 688.60 763.49
18 45.18 38.26 970.30 1053.74 24 23.20 31.75 657.30 712.25
Ave 39.89 33.98 761.63 835.50 Ave 36.02 35.54 688.60 760.16
Proﬁle 5 Proﬁle 6
25 46.40 25.23 626.00 697.63 31 42.74 32.15 782.50 857.39
26 28.08 37.44 688.60 754.13 32 34.19 29.71 719.90 783.80
27 39.07 32.15 563.40 634.63 33 23.20 31.75 594.70 649.65
28 46.40 39.07 657.30 742.77 34 37.85 31.34 469.50 538.69
29 35.41 42.33 688.60 766.34 35 47.62 27.27 688.60 763.49
30 37.85 38.26 751.20 827.31 36 43.96 27.27 626.00 697.23
AAve 38.87 35.75 662.52 737.13 
ATh ranges from 23.61 Bq kg−1 to 67.56 Bq kg−1 and the
activity concentration AK ranges from 469.50 Bq kg−1
to 1001.60 Bq kg−1. For the six profiles in the Wadi,
the activity concentration AU ranges from 30.43 Bq kg−1
to 40.29 Bq kg−1, the activity concentration ATh ranges
from 29.91 Bq kg−1 to 41.58 Bq kg−1 and the activ-
ity concentration AK ranges from 646.87 Bq kg−1 to
766.85 Bq kg−1.
3.2.  Outdoor  radiation  exposure  at  the  Seila  area
3.2.1.  External  exposure
3.2.1.1.  Calculation  of  the  absorbed  and  effective  doses
due to  gamma  rays  from  terrestrial  radionuclides  in
the Seila  area.  External outdoor exposure arises from
terrestrial radionuclides that are present at trace lev-
els in all soils. Higher radiation levels are associated
with igneous rocks, such as granite, and lower levels are
associated with sedimentary rocks. However, there are
some shales and phosphate rocks that possess relatively
high contents of radionuclides. All of the spectromet-
ric measurements indicate that the three components of
the external gamma-emitting radionuclides in the 238U,ve 38.26 29.91 646.87 715.04
232Th and 40K series contribute approximately equally to
the external incident gamma radiation dose to individuals
both outdoors and indoors.
The conversion factor used to calculate the absorbed
dose rate D  (nGy h−1) is given by [4]:
D  =  0.462AU + 0.604ATh +  0.0417AK,  (1)
where AU, ATh and AK are the mean activities of the 238U,
232Th and 40K in Bq kg−1, respectively.
In the UNSCEAR 1993 report [5], the committee
used 0.7 Sv Gy−1 for the conversion coefficient from the
absorbed dose in air to the effective dose received by
adults. Accordingly, the outdoor effective dose rate ET
(nSv h−1) due to the terrestrial radionuclides 238U, 232Th
and 40K at each location is calculated from:
ET (nSv h−1) =  D  (nGy h−1) ∗  0.7 (Sv Gy−1).
(2)Table 4 represents the absorbed dose rate D  (nGy h−1)
estimated at 1 m above the stream sediments at the Pas-
sage in the Seila area calculated from Eq. [1] and the
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Table 4
The absorbed dose rate D (nGy h−1) at 1 m above the stream sediments, effective dose ET (nSv h−1) in the Passage.
No. D (nGy h−1) ET (nSv h−1) No. D (nGy h−1) ET (nSv h−1) No D (nGy h−1) ET (nSv h−1)
Proﬁle 1 Proﬁle 2 Proﬁle 3
1 70.82 49.57 4 69.09 48.37 7 63.8 44.66
2 73.39 51.37 5 44.36 31.05 8 63.97 44.78
3 63.33 44.33 6 69.62 48.73 9 59.47 41.63
Ave 69.18 48.42 Ave 61.02 42.72 Ave 62.41 43.69
Proﬁle 4 Proﬁle 5
10 58.57 41.00 13 65.02 45.51
11 51.08 35.76 14 51.89 36.32
12 57.34 40.14 15 54.45 38.12
A
e
f
w
t
t
5
i
S
5
t
f
a
e
i
T
T
N
P
1
2
3
4
5
6
A
P
1
2
2
2
2
2
Ave 55.66 38.96 Ave 57.12 
ffective dose (nSv h−1). The average absorbed dose rate
or the sediment locations ranges from 44.36 to 73.39,
ith an average of 61.08 nGy h−1. This is slightly higher
han the world average value of 59 nGy h−1 [6]. For
he five profiles, the absorbed dose rate ranges from
5.66 nGy h−1 in the fourth profile to 69.18 nGy h−1
n the first profile at the first site in the Passage at the
eila area, and the effective dose ranges from 31.05 to
1.37 nSv h−1, with an average of 42.75 nSv h−1. For
he five profiles in the Passage, the effective dose ranges
rom 38.96 nSv h−1 in the fourth profile to 48.42 nSv h−1
t the first profile.
Table 5 represents the absorbed dose rate D  (nGy h−1)
stimated at 1 m above the stream sediments at the Wadi
n the Seila area using Eq. [1] and the effective dose
able 5
he absorbed dose rate D (nGy h−1) at 1 m above the stream sediments, effec
o. D (nGy h−1) ET (nSv h−1) No. D (nGy h−1) 
roﬁle 1 Proﬁle 2 
 62.59 43.81 7 61.18 
 56.78 39.75 8 67.13 
 56.26 39.38 9 68.91 
 57.69 40.38 10 85.83 
 75.55 52.89 11 83.40 
 74.70 52.29 12 99.79 
ve 63.93 48.52 Ave 77.71 
roﬁle 4 Proﬁle 5 
9 61.71 43.19 25 63.43 
0 71.12 49.78 26 66.39 
1 78.96 55.27 27 62.20 
2 69.58 48.70 28 73.94 
3 70.58 49.40 29 72.75 
4 59.19 41.43 30 75.14 
ve 68.52 46.51 Ave 68.98 39.98
(nSv h−1). The average absorbed dose rate for the sed-
iment locations ranges from 56.26 to 99.79 nGy h−1,
with an average of 69.23 nGy h−1. This is slightly higher
than the world average value of 59 nGy h−1 [6]. For
the six profiles, the absorbed dose rate ranges from
63.93 nGy h−1 in the first profile to 77.71 nGy h−1 in the
second profile in the Wadi at the Seila area and the effec-
tive dose ranges from 39.38 to 69.85 nSv h−1, with an
average of 51.34 nSv h−1. For the six profiles, the effec-
tive dose ranges from 48.52 nSv h−1 in the first profile
to 62.77 nSv h−1 in the second profile in the Wadi of the
Seila area.
From Tables 4 and 5 clarify that the average absorbed
dose for the 51 locations over the two sites of the Seila
area is 14 nGy h−1.
tive dose ET (nSv h−1) in the Wadi at Seila area.
ET (nSv h−1) No. D (nGy h−1) ET (nSv h−1)
Proﬁle 3
42.83 13 57.52 40.26
46.99 14 74.48 52.14
48.24 15 67.04 46.93
60.08 16 75.74 53.02
58.38 17 72.55 50.79
69.85 18 86.34 60.44
62.77 Ave 72.28 54.75
Proﬁle 6
44.40 31 73.18 51.23
46.47 32 65.22 45.66
43.54 33 56.49 39.55
51.76 34 57.10 39.97
50.93 35 68.00 47.60
51.65 36 63.74 44.62
51.45 Ave 63.96 44.06
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Table 6
The effective dose due to gamma rays above one meter in the Passage at Seila area.
Profile 1 Profile 2 Profile 3 Profile 4 Profile 5
No. Em (nSv h−1) No. Em (nSv h−1) No. Em (nSv h−1) No. Em (nSv h−1) No. Em (nSv h−1)
1 90 4 80 7 70 10 60 13 50
2 80 5 70 8 70 11 50 14 60
3 70 6 70 9 70 12 70 15 60
Ave 80 Ave 73 Ave 70 Ave 60 Ave 57
Table 7
The effective dose due to gamma rays above one meter in the Wadi at Seila area.
Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 Profile 6
No. Em (nSv h−1) No. Em (nSv h−1) No. Em (nSv h−1) No. Em (nSv h−1) No. Em (nSv h−1) No. Em (nSv h−1)
1 70 7 70 13 70 19 70 25 70 31 80
2 90 8 80 14 70 20 80 36 60 32 70
3 70 9 80 15 70 21 90 27 70 33 70
4 60 10 100 16 80 22 80 28 90 34 60
5 70 11 90 17 80 23 60 29 70 35 70
6 90 12 100 18 80 24 70 30 80 36 70
Av
by the intercept of the fitting line in Fig. 4, which is
30.34 nSv h−1. Similarly, Fig. 5 shows the relationship
between the calculated gamma effective dose rate due toAve 75 Ave 87 Ave 75 
3.2.1.2.  Measurement  of  the  gamma  effective  dose  in
the Seila  area.  The survey meters detect not only the
gamma rays emitted from terrestrial radionuclides but
also the gamma rays from the other environmental or
natural sources, especially cosmogenic gamma emitters.
Table 6 shows the effective dose due to gamma rays at
1 m over the stream sediments at the different locations
in the Passage measured using a RDS-100 survey meter.
Table 6 shows that the average measured effective
dose ranged from 50 to 90 nSv h−1, with an average of
68 nSv h−1, at the Passage site in the Seila area. The five
profile values decrease from the first profile to the last
profile in the Passage, where the average for the first
profile is 80 nSv h−1 and the average for the fifth profile
is 57 nSv h−1.
Table 7 shows that the average measured effective
dose ranges from 60 to 100 nSv h−1, with an average
of 76 nSv h−1, at the Wadi site in the Seila area. The six
profiles values exhibit a trend starting on the eastern side
from the fifth profile to the sixth profile, with an average
for the first profile of 80 nSv h−1 and an average for the
fifth profile of 57 nSv h−1.
3.2.1.3. Comparison  between  the  measured  and  esti-
mated gamma  effective  dose  rate  in  the  Seila  area.  Fig. 4
shows the relationship between the calculated gamma
effective dose rate due to terrestrial radionuclides ET and
the measured effective dose rate Em at the Passage.e 75 Ave 73 Ave 70
From Fig. 4, we observe that there is good correla-
tion between the two arguments. Therefore, the equation
describing this relation may be reformulated as:
Em (nSv h−1) =  1.04 ×  ET (nSv h−1)
+ Ec (nSv h−1) (3)
where Ec is the gamma effective dose rate in nSv h−1
due to cosmic rays.
The variable Ec at the Passage site is representedFig. 4. The relation between ET and Em in the Passage at Seila area.
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errestrial radionuclides ET and the measured effective
ose rate Em at the Wadi.
Good correlation is observed between the calculated
amma effective dose rate due to the terrestrial radionu-
lides ET and the measured effective dose rate Em at the
adi.
The gamma effective dose rate due to the cosmic rays
c at the Wadi site is represented by the intercept of the
tting line in Fig. 5, which is 32.07 nSv h−1.
.2.1.4. Calculation  of  the  effective  dose  due  to  the
osmic ray  gamma  component  in  the  Seila  area.  The
ethod used to assess doses from the photon and directly
onizing components of cosmic radiation at sea level has
ot substantially changed in many years. A basic value
as considered for the ion-pair production rate. In this
ork, a value of 2.1 cm3 s−1 is adopted. This value is
−1onverted to a dose rate of 32 nGy h and is assumed to
e numerically equal to the effective dose rate [7].
The absorbed dose rate DC(z) (nGy h−1) estimated at
ariations altitudes above sea level at the Passage in the
able 8
he effective dose EC (nSv h−1) at various altitudes z (km) due to cosmic ray
o. z (km) EC (nSv h−1) No. z (km) 
roﬁle 1 Proﬁle 2 
 0.270 31.85 4 0.270 
 0.268 31.83 5 0.270 
 0.266 31.82 6 0.271 
ve 0.268 31.83 Ave 0.270 
roﬁle 4 Proﬁle 5
0 0.275 31.88 13 0.272 
1 0.266 31.82 14 0.280 
2 0.265 31.82 15 0.290 
ve 0.269 31.84 Ave 0.281 niversity for Science 10 (2016) 271–280 277
Seila area is calculated using the following equation:
EC (z) (nSv h−1)
= EC(0)[0.21e1.649z +  0.79e−0.4528z],  (4)
where EC(0) is the dose rate at sea level and z is the
altitude in km.
The calculated values for the locations are presented
in Table 8. The average cosmic effective dose rate
ranges from 31.82 to 31.96 nGy h−1, with an average
of 31.85 nSv h−1, for the Passage, which is comparable
to the world average value of 31 nSv h−1 [4]. This value
is higher than that obtained using the intercept in Fig. 4
by 1.24 nSv h−1 due to statistical errors.
Table 9 shows that the average cosmic effective dose
rate EC ranges from 31.73 to 31.89 nGy h−1, with an
average rate of 31.82 nGy h−1, for the Wadi, which is
comparable to the world average value of 31 nSv h−1.
This value is higher than that obtained using the intercept
in Fig. 5 by 0.25 nSv h−1 due to statistical errors.
3.2.1.5. Annual  external  effective  doses  from  terrestrial
radionuclides.  UNSCEAR (2000) suggests an outdoor
occupancy factor of 0.2 for public areas. In this study,
the El Bisharya tribes work outdoors throughout the
Seila area for 10 h/day. The outdoor occupancy factor is
therefore corrected to be 0.36. Accordingly, the annual
external effective dose Eex (mSv) received at each loca-
tion over the study area is given by:
Eex (mSv y−1) =  ET (nSv h−1) ∗  8760 (h/y)
∗ 0.36 ∗  10−6, (5)where ET is taken from Tables 4 and 5.
Tables 10 and 11 show the estimated annual exter-
nal effective doses Eex (mSv) at 1 m over the stream
sediments received by the members of the public at 15
s at the Passage at Seila area.
EC (nSv h−1) No. z (km) EC (nSv h−1)
Proﬁle 3
31.84 7 0.271 31.85
31.84 8 0.265 31.82
31.85 9 0.270 31.85
31.85 Ave 0.269 31.84
31.86
31.90
31.96
31.91
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Table 9
The effective dose EC (nSv h−1) at various altitudes z (km) due to cosmic rays at the Wadi at Seila area.
No. z (km) EC (nSv h−1) No. z (km) EC (nSv h−1) No. z (km) EC (nSv h−1)
Proﬁle 1 Proﬁle 2 Proﬁle 3
1 0.252 31.75 7 0.256 31.77 13 0.263 31.81
2 0.257 31.78 8 0.256 31.77 14 0.264 31.81
3 0.256 31.77 9 0.261 31.80 15 0.263 31.80
4 0.250 31.73 10 0.260 31.79 16 0.260 31.79
5 0.249 31.73 11 0.257 31.78 17 0.260 31.79
6 0.254 31.76 12 0.258 31.78 18 0.261 31.79
Ave 0.251 31.74 Ave 0.258 31.78 Ave 0.260 31.79
Proﬁle 4 Proﬁle 5 Proﬁle 6
19 0.264 31.81 25 0.269 31.84 31 0.277 31.89
20 0.264 31.81 26 0.269 31.84 32 0.277 31.89
21 0.264 31.81 27 0.271 31.85 33 0.277 31.88
22 0.266 31.82 28 0.269 31.84 34 0.275 31.88
23 0.266 31.82 29 0.269 31.84 35 0.275 31.87
24 0.270 31.85 30 0.269 31.84 36 0.277 31.88
Ave 0.267 31.83 Ave 0.269 31.84 Ave 0.276 31.89
Table 10
Annual external effective doses Eex (mS y−1) at the Passage.
Profile 1 Profile 2 Profile 3 Profile 4 Profile 5
No. Eex (mSv) No. Eex (mSv) No. Eex (mSv) No. Eex (mSv) No. Eex (mSv)
1 0.16 4 0.15 7 0.14 10 0.13 13 0.14
2 0.16 5 0.10 8 0.14 11 0.11 14 0.11
3 0.14 6 0.15 9 0.13 12 0.13 15 0.12
Ave 0.15 Ave 0.13 Ave 0.14 Ave 0.12 Ave 0.13
Average of all 0.13
locations at the Passage and 36 locations at the Wadi
throughout the Seila area.
Although the average value of Eex at the Wadi is
higher than at the Passage, the obtained values are almost
twice the worldwide average reported by UNSCEAR
(2000), which is 0.07 mSv. Indeed, this is due to the
higher occupancy factor proposed in this study.
Table 11
Annual external effective doses Eex (mSv y−1) at the Wadi.
Profile 1 Profile 2 Profile 3 
No. Eex (mSv) No. Eex (mSv) No. Eex (mSv) 
1 0.14 7 0.14 13 0.13 
2 0.13 8 0.15 14 0.16 
3 0.12 9 0.15 15 0.15 
4 0.13 10 0.19 16 0.17 
5 0.17 11 0.18 17 0.16 
6 0.16 12 0.22 18 0.19 
Ave 0.14 Ave 0.17 Ave 0.16 
Average of all 0.153.2.2.  Outdoor  internal  exposure
Table 12 shows the outdoor radon 222Rn and thoron
220Rn concentrations at the Passage in the Seila area
and that the annual effective dose for the radon con-
centration ranges from BDL to 15 Bq m−3, with an
average of 6 Bq m−3. These results are lower than the
worldwide value of 10 Bq m−3. Additionally, the annual
Profile 4 Profile 5 Profile 6
No. Eex (mSv) No. Eex (mSv) No. Eex (mSv)
19 0.14 25 0.14 31 0.16
20 0.16 36 0.15 32 0.14
21 0.17 27 0.14 33 0.12
22 0.15 28 0.16 34 0.13
23 0.16 29 0.16 35 0.15
24 0.13 30 0.16 36 0.14
Ave 0.15 Ave 0.15 Ave 0.14
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Table 12
The outdoor radon and thoron concentration and annual effective dose in the Passage at Seila area.
No. CRn (Bq m−3) CTn (Bq m−3) ERn (mSv) ETn (mSv) Eint (mSv)
1 15 BDL 0.171 BDL 0.171
2 7 BDL 0.080 BDL 0.080
3 10 BDL 0.114 BDL 0.114
4 BDL BDL BDL BDL 0.000
5 BDL 16 BDL 0.020 0.020
6 10 BDL 0.114 BDL 0.114
7 BDL BDL BDL BDL 0.000
Ave 6 2.28 0.068 0.003 0.071
Table 13
The outdoor radon and thoron concentration and annual effective dose in the Wadi at Seila area.
No. CRn (Bq m−3) CTn (Bq m−3) ERn (mSv) ETn (mSv) Eint (mSv)
1 10 10 0.114 0.013 0.127
2 10 10 0.114 0.013 0.127
3 10 6 0.114 0.008 0.122
4 11 BDL 0.126 BDL 0.126
5 19 BDL 0.217 BDL 0.217
6 26 6 0.297 0.008 0.305
7 BDL 6 BDL 0.008 0.008
8 BDL 6 BDL 0.008 0.008
9 8 BDL 0.091 BDL 0.091
10 BDL BDL BDL BDL 0.000
11 10 16 0.114 0.020 0.134
12 BDL BDL BDL BDL 0.000
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ffective dose ERn ranges from BDL to 0.171 mSv, with
n average of 0.068 mSv, which is almost two-thirds the
orldwide value of 0.095 mSv. The thoron concentra-
ion ranges from BDL to 16 Bq m−3, with an average
f 2.28 Bq m−3. This is lower than the worldwide value
f 10 Bq m−3. Additionally, the annual effective dose
Tn ranges from BDL to 0.020 mSv, with an average of
.003 mSv. This is lower than the worldwide value of
.007 mSv.
Table 13 shows that the outdoor radon and thoron
oncentrations at the Passage in the Seila area and that
he annual effective dose for the radon concentration
anges from BDL to 26 Bq m−3, with an average of
.8 Bq m−3. These results are lower than the worldwide
alue of 10 Bq m−3. The annual effective dose ranges
rom BDL to 0.297 mSv, with an average of 0.099 mSv.
hese results are comparable to the worldwide value of
.095 mSv. The thoron concentration ranges from BDL
o 16 Bq m−3, with an average of 5 Bq m−3. These results
−3re lower than the worldwide value of 10 Bq m . Addi-
ionally, the annual effective dose ranges from BDL to
.020 mSv, with an average of 0.007 mSv. These results
re the same as the worldwide value of 0.007 mSv.0.099 0.007 0.105
The average value of the total annual effective dose
Etot is the sum of the average of the annual external dose
Eex (Tables 10 and 11) and the average of the annual
internal dose Eint (Tables 12 and 13). The value of Etot is
0.201 mSv at the Passage and is 0.255 mSv at the Wadi
for an overall average of 0.238 mSv. This value is higher
than the reported value of Etot received by the public from
similar exposures, which is 0.172 mSv. Again, this is
due to the higher occupancy factor chosen for this study.
However, the outdoor exposure evaluated in this study is
determined to be safe for the El Bisharya activities.
4.  Conclusions
The average concentrations of the 238U and 40K in
the soil and the stream sediments are higher than the
worldwide averages. This is attributed to the increases
of the concentrations of these elements in the rocks
contained within the study area. These rocks act as the
sources of the sediments due to weathering and airiation.
However, the outdoor exposure evaluated in this study
is determined to be safe for the El Bisharya activities.
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